Possible materials demonstration aids

Handout 1 – Page 1 and Page 2 Fascinating Facts about Trusses and Bridges

Handout 2 – Page 1 specs.pdf

Handout 2 – Page 2 tips.pdf

4-bar linkage, 3-bar linkage (suggestions include paint stirrers or popsicle sticks fastened with bolts or hot-melt glue)

spaghetti for bending and buckling failure demonstration/exercise
string & rope to demonstrate tensile force

example certificate

wear event T-shirt
Presentation Objectives

Provide students with some information that will help them in their participation in the Toothpick Bridge Event.  Focus on the toothpick construction category and truss type bridges.  

Target audience:  middle school students.  Target length:  45 minutes.

Presentation Outline

define force

define truss:  theoretical and “practical”

define failure modes: tensile, buckling, bending

truss failure modes:  bucking of frame, failure of members and joints

demonstration of 4-bar linkage and 3-bar linkage

demonstration of tensile, buckling, and bending failure using spaghetti

exercise:  tensile, buckling, and bending failure using spaghetti

exercise:  make scale drawing of toothpick bridge

Handouts (footer – url, www.atlantatoothpickbridge.org)

Handout 1 – Page 1 and Page 2Fascinating Facts about Trusses and Bridges
outline of presentation

definitions

photographs of truss bridge(s) and roof truss

3-view drawing of steel truss bridge

histogram(s) of toothpick bridge performance from past events

suggested calculation:  number of nodes and members, estimate bridge weight, graphical analysis

drawing template for drawing exercise, tips from Jeanne Shrader’s lesson plan

Handout 2 – Page 1 specs.pdf
Toothpick bridge event rule set
Handout 2 – Page 2 tips.pdf
Tips, definitions, references and bibliography, truss types, and bridge types

Fascinating Facts about Trusses and Bridges

Presentation Objectives:  Provide you with some information that will help you participate in the Toothpick Bridge Event.  Focus on truss type bridges for the toothpick construction category.  

Presentation Outline

Define force

Define truss:  theoretical and “practical”

Demonstrate a 4-member structure and 3- member structure.

Define failure modes: tensile, buckling, bending.

Define truss failure modes:  bucking of frame, failure of members and joints.

Demonstrate tensile, buckling, and bending failure using spaghetti.

Exercise 1:  tensile, buckling, and bending failure using spaghetti.

Exercise 2:  make scale drawing of toothpick bridge.
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Something about trusses[image: image2.jpg]



Trusses are very commonly used in engineering structures.  Trusses are very easily seen when used for bridges and roofs of houses.  Trusses consist of straight members connected at their ends at joints as shown in Figure 1.  The members of a truss form the sides triangles with the joints laying at the vertices of the triangles.  We can see why triangles are used by comparing a structure with 3 straight members and pinned joints to a structure with 4 straight members and pinned joints.  (Perform this demonstration and pass the structures around.)  Why are triangles used?  All the members and joints of a truss lie in the same plane.  A truss can carry only loads which act in the plane of the truss.  A truss cannot support a lateral or sideways load.  Also, all of the loads and supports should be applied to the joints of the truss, not to the members of the truss.  For the purpose of analysis, the truss can be considered a two-dimensional structure.  Trusses are usually fabricated with rigid joints that are riveted, bolted, welded, stapled, or glued.  For the purpose of analysis, the joints can be considered as hinged or pinned joints.  If the loads are applied to the joints and the joints are hinged, then there will be no bending loads applied to the members; that is no loads will try to bend the members of the truss.  A joint will either pull on a member, that is put the member in tension, OR push on the member, that is put the member in compression.  The number of members in a truss is equal to twice the number of joints minus three (members = 2 ( joints-3).  For example, 2 times 9 equals 18; 18 minus 3 equals 15.  Does the truss shown in Figure 1 really have 9 joints and 15 members? [1]
Something about failure

Engineers sometimes use destructive tests while developing a design for a structure or a machine.  A destructive test is a test that results in damage to the structure or component being tested.  There are many ways that a structural member can fail or break.  Let’s discuss, then try to demonstrate three failure modes, tensile failure, bending failure, and buckling failure.  A tensile failure is when the structural member’s material breaks or deforms under a tensile load (pulling on each end of the structural member is a way to apply a tensile load).  A bending failure is when the structural member’s material breaks or deforms under a bending load (How do you apply a bending load?).  A buckling failure can occur under a compressive load (pushing on each end of the structural member is a way to apply a compressive load).  [image: image3.wmf] 

Histogram of breaking force

in-specification bridges, toothpick category, 1992 through 2004
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Fascinating Facts about Trusses and Bridges (continued)
A buckling failure can occur without breaking or deforming the structural member’s material.  Once the compressive member buckles, it no longer supports the same load.  (Use a piece of spaghetti to demonstrate buckling failure, then bending failure.  Can you cause a tensile failure in spaghetti?)
At the toothpick bridge building event described below, engineers subject toothpick bridges brought in by students to a destructive test; they break the bridges and measure the force required to break the bridge.  The distribution of breaking forces of all the bridges that met the specifications at the past events is shown in the histogram in Figure 4.  The average breaking force for these bridges is 26 pounds.  The highest breaking force of any bridge tested so far is 147 pounds.

Exercise:  Cause buckling, then bending failure of thin member using structural spaghetti.  Can you cause a tensile failure in spaghetti?
Toothpick Bridge Building Event:  There will be a toothpick bridge building event that will be held on Saturday, February 26, 2005, from 1 p.m. to 3 p.m., during National Engineers Week 2005. We will hold the event at Fernbank Science Center. The event is open to all—adults and children.  Participants will build their bridges in advance and bring them to the event.  There, the bridges will be tested to failure (i.e. broken) to measure their load carrying ability. Each participant will receive a certificate with their name and the test results for their bridge and a T-shirt.  For entries in the Toothpick Category, you must use only wooden toothpicks and glue to build your bridge.  Your bridge must not weigh more than 121 grams (4.27 ounces).  The bridge must span a gap or opening of 42.23cm (16 5/8 in.).  The performance of in-specification toothpick bridges from the past 13 events is shown in the histogram in Figure 4.

Exercise:  Discuss how we might design and build a bridge for the toothpick bridge building event
What materials could you use for your bridge?
How would you begin this project?

Would you use drawings?  What kind of drawings?  How would you use them?

How many trusses would you build?

What methods could you use to build the individual trusses?

How would you connect the individual trusses?

How would you estimate the weight of the bridge before you began construction?  How would you estimate the weight of the glue before you began construction?  How would you estimate the weight of the bridge during construction?

Exercise:  Draw a scale drawing of the profile of a toothpick truss

Opportunities for additional research and analysis
How does a hupozomata turn a trireme into a truss?[2]
Suggested calculations:  number of nodes and members; estimated toothpick weight, glue weight, and bridge weight; and forces in individual members for a given load.
Maxwell’s Diagram is the name of a method for graphically analyzing a truss:  The forces in each member can be determined by making a scale drawing using the known angles of the geometry of the truss and the known loads.  The forces in the members are determined by measuring line lengths.
The method of joints is the name of a method for analyzing a truss using calculations involving algebra and trigonometry.  
Finite Element Analysis software for analyzing a truss is available in web application at:  http://dattaraj_rao.tripod.com/Truss/index.html. 
Bow’s notation can be used to provide a uniform method of naming the various joints, members, loads, and forces.

When and why do engineers use destructive tests?  When and why do engineers use nondestructive tests?  
What is a histogram?
Definitions
Definitions of several key words are included on the bridge construction tips handout.  Are there other words that you need to look up in a dictionary or on the web?
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Background

The truss is one of the major types of engineering structures.  It provides a practical and economic solution in many applications including bridges and buildings.  A truss consists of straight members connected at joints.  Truss members are connected only at their ends.  A truss is a planar structure designed to carry only loads which act in the plane of the truss.  Therefore, the truss can be treated as a two-dimensional structure.  The members of the truss are treated as slender members that cannot support a lateral load.  Therefore, all loads are to be applied at the joints and not to the members themselves.  In the case of a bridge, a floor system is provided to transmit the bridge deck load to the joints of the supporting trusses.  For the purpose of analysis, the weights of the members themselves are also assumed to act at the joints.

Trusses are usually fabricated with rigid joints that are welded, riveted, nailed, glued, stapled, etc.  Theoretical trusses have pinned joints.  Therefore, the members are two-force members.  Either the forces at each end of the member tend to pull the member apart (the member is in tension) or the forces at each end of the member tend to compress the member (the member is in compression).  There is no torque or moment applied to the member.  For analysis the truss is considered to consist of a group of pins and two-force members.  

compare four-bar linkage to three links that form a rigid truss

Bow’s notation can be used to provide a uniform method of naming the various joints, members, loads, and forces.

Analysis of trusses by the method of joints

Joints under special loading conditions

Graphical analysis of trusses:  Maxwell’s Diagram

compound trusses, statically determinate, statically indeterminate

1. Ferdinand P. Beer and E. Russell Johnston, Jr., Vector-mechanics for engineers; statics and dynamics, 2d ed., New York, McGraw-Hill, 1972, TA350 .B3552 1972B, pp. 196-
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Structures : or, Why things don't fall down, New York: Plenum Press, c1978, TA645 .G65, pp. 210-229.

Figure 1.  Illustration of a truss with 9 joints and 15 members.











Figure 2.  Engineering drawings of bridge shown in Figure3.





Figure 3.  Photograph of a 70-year-old, movable-truss bridge �located on the South Carolina coast





Figure 4.  Histogram of toothpick bridge performance
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